A system was evaluated for growing plants at reproduable levels of water stres. Beans (Phascolas vulgaris L.) were grown in vermkclite, transferred to a semipermeable membrane system that encased the rootvermicolite mass, and then placed into nutrient solutions to which various amounts of polyethylene glycol (PEG) 20M were added to control solution water potential. The membrane (Spectrapor 1) had a minimum molecular weight cutoff that excluded the PEG 20M. (3, 10, 11) , and the 02 content of nutrient solutions (9).
Numerous investigators have attempted to grow plants at specific levels of water stress by bathing the roots in a nutrient solution where the water potential is controlled by adding osmotic compounds such as PEG' (6) (7) (8) . However, the presence of PEG in the nutrient solution may cause side effects because significant amounts of PEG are absorbed by the plants (6, 8) . PEG reduced P uptake, translocation (3, 10, 11) , and the 02 content of nutrient solutions (9) .
Zur (15) showed that it was not necessary to place a plant directly into a PEG solution to control its water potential. He (15) and subsequent investigators (2, 4, 16) encased soil-grown plants within semipermeable membranes which were immersed within nutrient solutions containing an osmotic agent (PEG). The membrane excluded the PEG from the roots but let water and nutrients diffuse to the roots. However, no attempts were made to determine how quickly the soil-plant-air continuum reached a steady-state; if the membrane system overcame the PEG effects on P uptake and translocation, or 02 availability; or whether the membrane excluded PEG from the plant. The following work was done to explore these problems. leaves and stems were oven-dried and acid-digested (12) . Organic N2 was measured using the phenol-hypochlorite reaction (14) and P was determined using the phosphomolybdenum blue complex (13) .
MATERIALS

RESULTS
Equilibration Studies. When leaf water potential reaches a level less than the solution water potential, the plant should extract water from the solution and the solution water potential should control leaf water potential. The leaf water potential of plants without membranes and with membranes immersed in -1 bar PEG decreased from -3.5 to -6 and -3.5 to -5.2 bars, respectively, over the experimental period (Fig. 1) . The leaf water potential of the -6 bar treatment decreased below the solution water potential 4 To determine if the plants were using 02 from the PEG solutions around the roots, the 02 levels in solutions with (T) and without plants (C) were monitored daily for 7 days. On the 1st day of the experiment the 02 levels ranged from 9 1 mg/l at -1 bar to 6 1 mg/l at -10 bars. The difference in the 02 levels in the solutions (T-C) was calculated daily for each water stress level. If the plants used 02 from the solution, the 02 content would decrease. However, the slopes of the linear regression equation relating 02 content and duration of the experiment were zero (-1 bar) and positive (-5 and -10 bars) indicating that the plants were not using 02 from the nutrient solution.
The concentration of organic N2 and total P in the plant tissue was measured to determine if the presence of PEG in the solution affected these components (Table II) . There was no significant effect of the PEG-induced water stress on the N. concentration of the leaves, but the N2 content of the stems was elevated above controls in the -6 bar treatment. The P concentration of the leaves and stems increased as the time in solution increased.
DISCUSSION
The semipermeable membrane system described in this study is conceptually similar to previously published reports (2, 4, 15,   16 ). The major differences were the use of a different membrane (Spectrapor 1) and of PEG 20M as the osmotic agent. In previous studies (2, 4), a membrane with a minimum mol wt exclusion of 12,000 to 14,000 (personal communications, Dr. J. Graham, Union Carbide Co.) and PEG 6,000 (mol wt of 6,000) were used. This combination of PEG and membrane exclusion size allowed a moderate amount of PEG to pass through the membrane into the root environment (8) . Our data suggest that the use of a high mol wt PEG such as 20M and a membrane with a lower mol wt exclusion limit significantly reduced the amount of PEG that passed through the membrane.
In hydroponic solutions, plants absorbed up to 14% of the PEG in solution and transported it unmetabolized through the plant (6, 8) . PEG contents of 1 to 3 mglg fresh weight for roots (10) , 0.5 to 2 mg/ml of plant sap (6) degradation was not rapid, if it occurred, since the solution water potential of -5 and -10 bar solutions decreased only 0.4 and 0.1 bar, respectively, over the 7-day time period. The membranes surrounding the root-vermiculite mass showed visual disintegration only after 2 to 3 weeks in solution, which is similar to the time periods previously reported (5, 15) . The low levels of PEG found in the root-vermiculite mass indicated that the membrane functioned for at least 7 days. When PEG is used in hydroponic solutions, the aeration of the viscous solutions can cause foaming (6, 8) and can seriously lower the 02 content of the solution (9) . We found no net plant consumption of 02 from the PEG solution by the roots. The 02 requirements of the roots in the membrane system were apparently met via 02 diffusion through the vermiculite rather than from the solution.
Although PEG in nutrient solutions inhibits P uptake and translocation by plants (3, 10, 11), we found an increase in the P concentration in the leaves and stems with time in the PEG solution suggesting that P uptake and translocation were not inhibited.
The membrane (Spectrapor 1) had a minimum mol wt cutoff that excluded the PEG 20M. The plants equilibrated with the nutrient solution within 1 to 4 days, and exhibited normal diurnal water relations. Use of the semipermeable membrane system to induce water stress reduces many of the problems associated with hydroponic media.
